Abstract: During 2009 and 2010 samples from 251 wild birds (37 species) from nine sites of Slovakia were collected. Blood samples were tested for Plasmodium, Haemoproteus, and Leucocytozoon spp. parasites using both PCR-based and microscopy techniques. The overall prevalence of infection was 56.6%, while prevalence of Haemoproteus a Plasmodium spp. (were evaluated separately from Leucocytozoon) was 46.6% and the prevalence of Leucocytozoon spp. was 33.9%. After microscopic examination of stained blood smears the identification of haemoproteids was performed. There were 14 species of three genera identified, i.e., Haemoproteus parabelopolskyi, H. belopolskyi, H. magnus, H. fallisi, H. fringillae, H. balmorali, H. dolniki, H. tartakovskyi, H. lanii, Leucocytozoon majoris, L. dubreuili, Plasmodium vaughani, P. relictum, P. circumflexum. Except for H. fringillae, H. balmorali, H. belopolskyi, L. majoris and L. dubreuili, the mentioned species of parasites were recorded for the first time in Slovakia.
Introduction
Haemosporidians (order Haemosporida, genera Haemoproteus, Plamodium and Leucocytozoon) are widespread blood parasites that develop exoerythrocytic meronts in various organs and tissues and then infect red blood cells (in the case of Leucocytozoon spp. also white blood cells) (Atkinson & Van Riper 1991) . These avian parasites are transmitted exclusively by blood-sucking dipteran insects, which are species of ceratopogonids (genus Culicoides), blood-sucking culicine mosquitoes (Culicidae), blackflies (Simuliidae), and hippoboscid flies (Hippoboscidae). Free-living birds around the world, except of Antarctica, are hosts of species of Haemoproteus, Leucocytozoon and Plasmodium. Parasites of these three genera were found in 68% of bird species examined to date (Valkiūnas 2005) , but some regions of the world are still insufficiently investigated.
First records of blood parasites from the Czech and Slovak republics were reported in 1933. Černý (1933) examined blood smears from 247 birds and 21.45% were infected. The most common parasite was Haemoproteus spp. (10.1%), Leucocytozoon spp. was found in 6.8% and Plasmodium spp. in 4.4% of birds. There were published some other papers focused on haemosporidian parasites from Slovakia (Sýkora 1976; Kučera 1981a Kučera , b, c, 1982 Hauptmanová 2006; Benedikt 2006; Haas & Kissková 2010; Haas 2011) . The results of these studies are compared with ours in the Discussion section of this paper.
The aim of this study was to present data on the mentioned haematozoan parasites of wild birds in Slovakia and their prevalence in birds of different species, sex, age and migratory status.
Material and methods
Birds from nine sites of Western and Central Slovakia were caught in mist nets during the breading season in 2009 and 2010. Blood samples from 251 birds (37 species, 14 families) were taken by puncture of vena branchialis. Sex and age determination of the birds was made using the field guide by Svensson (1992) . All the birds were ringed and released.
A drop of blood was used for preparation of blood smear. Two smears were prepared from each bird. All smears were air-dried, fixed in ethanol (96%) and stained with Giemsa stain. The smears of all positive samples (according to PCR) were examined by Leica DM 1000 microscope and pictures were taken by Leica DFC420 camera. Approximately 100 fields were scanned under ×400 magnification and then minimum 100 fields were examined under high magnification ×1000 (oil immersion). Pictures for identification of parasites were edited in program LAS V3.7. Identification of haemoproteids was performed based on these pictures according to Valkiūnas (2005) deposited at Department of Zoology, Faculty of Natural Sciences, Comenius University, Bratislava. Few drops of blood (cca 30 µl) were fixed in ethanol (96%). Blood samples were stored in freezer boxes at 5-7
• C for subsequent isolation of DNA from blood. Two isolation kits were used: NucleoSpin Tissue (Macherey-Nagel) and Wizard SV Genomic DNA Purification System (Promega). The presence of blood parasites was examined by nested PCR according to Hellgren et al. (2004) . In the first step initial primers HaemNF1 (5'CATATATTAAGAGAAITATG-GAG 3') and HaemNR3 (5'ATAGAAAGATAAGAAAT-ACCATTC 3') and in the second step HamNF1 primers (5' ATGGTGCTTTCGATATATGCATG 3') and HaemR2 (5' GCATTATCTGGATGTGATAATGGT 3') (Bensch et al. 2000) for Haemoproteus spp. and Plasmodium spp. and HaemFL (5'ATGGTGTTTTAGATACTTACATT 3') and HaemR2L (5'CATTATCTGGATGAGATAATGGIGC 3') for Leucocytozoon spp. were used.
For determination of sex of monomorphic species of birds, primers Sex1 (5'CTCCCAAGGATGAGAAACTGT-GCAAAACAGGTA 3') and Sex2 (5'CCTTCACTTCCAT-TAAAGCTGATCTGGAATTTC 3') which amplify CHD-Z and CHD-W genes fixed on sex genes (Wang & Zhang 2009 ), were used.
The amplification was evaluated by running of the final PCR product on a 2% agarose gel. In each PCR reaction positive and negative control was used. As a positive control, a sample estimated positive according both PCR and microscopic examination was used and negative control contained water instead of template DNA. Expected sizes of PCR products were 478 bp for Leucocytozoon spp. and 480 bp for Haemoproteus spp. and Plasmodium spp.
Results
From 251 captured birds (according to PCR) 111 were females and 140 males. Prevalence of blood parasites using PCR was 56.6%, prevalence of Haemoproteus and Plasmodium spp. (both diagnosed together) 46.6% and Leucocytozoon spp. 33.9% was detected.
By scanning of blood smears, 14 species of parasites of genera Haemoproteus, Plasmodium and Leucocytozoon were identified (Table 1) . The most frequently reported species were H. 
Discussion
Information about fauna of haemosporidian parasites in Slovakia is scanty. Some data about blood parasites of birds are available in studies by Kučera (1981a, b, c) . The blood samples of birds in these studies came both from Slovak and Czech Republics, but it was not exactly mentioned from which country each sample came from. Sýkora (1976) identified the parasites only to the genus level, without information on parasites' species identity. Hauptmanová et al. (2006) clearly mentioned which birds were caught in Slovakia (near Ruské); one fourth of the 595 sampled birds were infected with blood parasites. The haemosporidians H.
) dubreuili were identified. None of the investigated Alpine accentors (Prunella collaris) was infected with Haemoproteus spp. and Leucocytozoon spp. in the study by Haas & Kisková (2010) . Haas (2011) found L. (L.) fringillinarum Woodcock, 1910 in blood of dunnok (Prunella modularis) and also one unidentified parasite of the genus Haemoproteus from montane to alpine zone of several mountain ranges in Slovakia.
Thus, all species of parasites reported during this study, except H. 
